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ACCOMPLISHMENTS/NEW FINDINGS 

1. Various relaxation processes adversely affect the performance of shape-memory alloys. Though 
much is known experimentally, there is no concensus on the mechanism and various questions 
remain open. The one-dimensional phenomenological, but predictive, model developed by the PI 
with R. D. James and P. J. Swart will provide a useful tool to predict the behavior of such alloys. 
We have explored this model numerically and our mathematical analysis has provided some 
suprising insights into "hybrid" dynamical systems. The PI and M. Jabbour have extended this 
model to three dimensions. This model will be useful not only in shape-memory alloys, but also in 
materials where ordering is accompanied with significant strain. 

2. Ferroelectric ceramics are commonly used as actuator materials. However, the strain they 
provide is very small. The current research of Y.C. Shu and the PI explores whether (a) texturing 
the ceramic and (b) a combination of applied mechanical load and electric field will lead to 
significant improvement. We have completed our study of single crystals and have proposed an 
actuator configuration which should provide strains as large as 1%. 

3. The PI and Y.C. Shu have developed a model and used it to show that texture is a crucial factor 
in determining the shape-memory effect in polycrystals. In particular, it is established that texture 
is the reason why the strains recoverable in Ti-Ni are so much larger than those in Cu-based shape- 
memory alloys in rolled, extruded or drawn specimens. Further, it is shown that both these 
materials recover relatively small strains in sputter-deposited thin films due to unfavorable texture. 
These results are in good agreement with experimental observations. Finally, the model is used to 
suggest textures for imporved shape-memory effect. 

4. Confined heterogeneous brittle solids loaded under far-field uniaxial compression are often 
observed to split along the loading axis. We have developed a theory which accords this 
phenomenon an energetic interpretation: the solid splits because in so doing it reduces its total 
energy, defined as the sum of bulk strain energy and surface energy. The heterogeneous 
microstructure gives rise to a complex stress distribution in the intact solid. We show that the 
change in energy due to the release of the microstructural stresses may exceed the cost in fracture 



energy. Critical conditions for splitting are formulated for polycrystalline solids as a function of 
readily measurable material properties and applied stresses. The predictions of the theory are found 
to be in remarkably good agreement with experimental observations in ceramics and rocks. 

5. Shape-memory alloys have the largest energy output per unit volume per cycle of known 
actuator systems, and their frequency response is not limited in thin films. Hence, shape-memory 
alloys are ideal actuator materials in micromachines. The heart of the shape-memory effect lies in a 
martensitic phase transformation and the resulting microstructure. It is wellknown that 
microstructure can be significantly different in thin films as compared to bulk materials. We have 
developed an internal variable theory which is valid for single crystal martensitic thin films. We 
show that single crystal films of shape memory material offer interesting possibilities for producing 
very large deformations at small scales. In addition, from a mathematical point of view, the 
derivation of the internal variable theory is one of the first rigourous derivations of membrane 
theories and also provides a possible method to derive plate and shell theories. 
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K. Bhattacharya, R.V. Kohn and S. Kozlov, "Some examples of nonlinear homogenization 
involving nearly degenerate energies", to appear in'Proc. Royal Soc. London A (1998). 
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Conferences 
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